Vyklický, Ladislav, Helena Knotková-Urbancová, Zdeň ka Vi-modal nociceptors (Szolcsanyi et al. 1988) . In Ç80% of tásková, Viktorie Vlachová, Michaela Kress, and Peter W. small dorsal root ganglion (DRG) neurons in culture, capsaReeh. Inflammatory mediators at acidic pH activate capsaicin re-icin induces an inward current that is carried by cations, ceptors in cultured sensory neurons from newborn rats. J. Neuro-including Ca 2/ , through channels of Ç30 pS conductance physiol. 79: 670-676, 1998. Whole cell membrane currents (Bevan and Forbes 1987; Bevan and Szolcsanyi 1990; Vlainduced by the inflammatory mediators, bradykinin, 5-hydroxy-chová and Vyklický 1993). This membrane current can be tryptamine (5-HT) and prostaglandin E 2 , were investigated in capblocked by capsazepine, a competitive capsaicin antagonist saicin-sensitive dorsal root ganglion (DRG) neurons from newborn that might also act on endogenous ligands acting at putative rats grown on a monolayer of hippocampal glia without nerve capsaicin receptors (Bevan et al. 1992) . Because capsaicin growth factor (NGF). When firmly attached to an underlying cell, the neurons survived ú14 days without growing extensive pro-is an agent foreign to the mammalian body, acting on a cesses. A majority of the small diameter neurons (Ç80%) exhib-distinct class of DRG neurons, it seems likely that such ited sensitivity to capsaicin (3-6 mM) and this was enhanced in endogenous mediator(s) exist.
blocked by capsazepine, a competitive capsaicin antagonist saicin-sensitive dorsal root ganglion (DRG) neurons from newborn that might also act on endogenous ligands acting at putative rats grown on a monolayer of hippocampal glia without nerve capsaicin receptors (Bevan et al. 1992) . Because capsaicin growth factor (NGF). When firmly attached to an underlying cell, the neurons survived ú14 days without growing extensive pro-is an agent foreign to the mammalian body, acting on a cesses. A majority of the small diameter neurons (Ç80%) exhib-distinct class of DRG neurons, it seems likely that such ited sensitivity to capsaicin (3-6 mM) and this was enhanced in endogenous mediator(s) exist.
solution of low pH. In acidic extracellular solution (pH 6.1), the Extracellular acidification produces nociceptor excitation combination of bradykinin (10 mM), 5-HT (10 mM) and prosta-in rat skin and burning pain in humans at pathophysiologiglandin E 2 (1 mM) induced an inward membrane current in all cally attainable proton concentrations (Steen et al. 1992;  capsaicin-sensitive DRG neurons (n Å 43). The current exceeded Steen and Reeh 1993) . The underlying sustained membrane the sustained, low pH-induced membrane current by 205 { 53 current induced by protons in DRG neurons (Bevan and (SE) pA. The combination of acidic inflammatory mediators was ineffective in cells that were insensitive to capsaicin. In capsaicin-Yeats 1991) exhibits many similarities to the capsaicin insensitive neurons, the inflammatory mediators when applied singly duced membrane current. This led to the suggestion that or in any combination of two, induced no membrane currents or protons may act as endogenous operators of the putative small current at pH 7.3 and 6.1. Capsazepine (10 mM), the capsa-capsaicin receptor-channel complex (Bevan and Geppetti icin antagonist, completely inhibited the facilitatory action of in-1994).
flammatory mediator combination but not the sustained inward Capsaicin-induced membrane current is greatly facilitated current induced by acidic extracellular solution (pH 6.1 or 5.5).
in acidic extracellular solution at a pH below threshold for It is suggested that the inflammatory mediators, bradykinin, evoking any membrane current by itself (Petersen and La- 5-HT, and prostaglandin E 2 together act as endogenous mediators Motte 1993) . Moreover there is evidence that that this faciliat capsaicin receptors to generate an inward current when the ion channel is protonized. tation is produced by protonation of capsaicin-gated channels rather than increased affinity of capsaicin for the receptor .
Recently, in capsaicin sensitive DRG neurons from adult rats cultured in the presence of nerve growth factor (NGF), A distinct subpopulation of thinly myelinated and unmyit has been found that the inflammatory mediators (IM), elinated primary afferents serves to convey signals from nobradykinin (BK), 5-hydroxytryptamine (5-HT), histamine ciceptive ''free'' nerve endings in peripheral tissue. It is (HIS), and prostaglandin E 2 (PGE 2 ) induce a marked inward reasonable to assume that a variety of membrane receptors current when applied together at acidic but not at neutral and ion channels exist to transduce chemical or physical extracellular pH. These IM do not have such effects on stimuli of potentially damaging intensity. Owing to their neurons that are insensitive to capsaicin (Kress et al. 1997 ). small size (õ1 mM), these nerve endings are not suitable This study is in agreement with previous findings in a skinfor measuring membrane currents. However the notion that nerve preparation and with psychophysical studies demonthe receptors and ion channels are proteins that may be incorstrating that the combination of protons together with inporated in the plasma membrane of the cell body, suggests flammatory mediators (including BK, 5-HT, HIS, and PGE 2 ) that a distinct subpopulation of sensory neurons in culture had synergistic excitatory and algogenic effects (Steen et al. may serve for the study of transduction mechanisms involved 1995, 1996) . in nociception (Baccaglini and Hogan 1983) .
The aim of the present study was to learn whether or not 8-methyl-N-vanilyl-6-noneamide (Capsaicin), the punthe sensitivity to different inflammatory mediator combinagent ingredient of the red pepper, induces burning pain in humans (Szolcsanyi 1991) and discharge activity in C poly-tions parallels functional expression of capsaicin receptors grammed to allow sequential valve openings and thus application in DRG neurons from newborn rats. We further examined of the drugs. Complete exchange of the solutions was reached whether or not the responses to inflammatory mediators can within 100 ms (determined from the change of tip potential of the be blocked by capsazepine (Bevan et al. 1992) . The similarelectrode produced by switching from control external solution to ity between inflammatory mediators and capsaicin in facili-a solution of half osmolarity). Before and after application of tating proton-induced currents (Kress et al. 1997 ) suggested any of the test solutions, neurons were superfused with control that IM may act as endogenous ligands or operators at the extracellular solution (ECS) of the following (in mM): 160 NaCl, capsaicin receptor that seems to be unique to nociceptive 2.5 KCl, 1 CaCl 2 , 2 MgCl 2 , 10 N-2-hydroxyethylpiperazine-Nneurons.
2-ethanesulfonic acid (HEPES), and 10 glucose 10; pH was adjusted to 7.3 with NaOH. In acidic ECS, 2-[N-morpholino]ethanesulfonic acid was used instead of HEPES and the pH was adjusted M E T H O D S as indicated. Only one neuron was tested per coverslip and capsaicin was always applied at the end of the sequence to minimize
Cell cultures
desensitization. All experiments were performed at room temPrimary cultures of DRG neurons were prepared in two steps perature (20-22ЊC). The intracellular solution (ICS) contained as described previously (Guthrie et al. 1987) . Hippocampi from the following (in mM): 140 KCl 140, 0.5 CaCl 2 , 2 MgCl 2 , 5 newborn rats were removed, dissociated with trypsin and plated ethylene glycol-bis(b-aminoethyl ether)-N,N,N,N-tetraacetic on collagen-coated glass coverslips in a nutrient medium composed acid (EGTA), 10 HEPES, pH was adjusted to 7.3 with KOH. of 90% Eagle's minimum essential medium (MEM) and 10% fetal Stock solutions of BK, 5-HT, and PGE 2 were prepared in the bovine serum. When the glial cultures became confluent, usually absence of oxygen and were stored in aliquots at 020ЊC. Capsaicin after 6-9 days, the medium was switched to nutrient-supplemented (CAPS) and capsazepine (CZP) were dissolved in 100 ml 96% MEM with 5-fluoro-2-deoxyuridine and uridine and 10% horse ethanol and dimethylsulfoxide, respectively, and diluted with disserum to minimize cell division. In the second step, dorsal root tilled water to a concentration of 1 mM, which was used to prepare ganglia were dissected from 2 to 3 day old Sprague-Dawley rats the test solutions by adding ECS. All other drugs were purchased and incubated at 37ЊC in phosphate-buffered saline (PBS) con-from Sigma. Data are given as means { SE. For statistical comparitaining 2% collagenase for 45 min and then in PBS with 0.3% sons the Student t-test and Pearson product moment correlation trypsin for 10 min. The ganglia were then rinsed with calcium-were calculated with SigmaPlot and SigmaStat (Jandel Corporaand magnesium-free PBS and dissociated by trituration by using tion). Differences were considered significant at a P value õ 0.05. a fire-polished Pasteur pipette. DRG cells were plated on coverslips with the glial feeder layer cultures and grown in a medium com-R E S U L T S posed of 90% MEM and 10% fetal calf serum and maintained at 37ЊC in a water-saturated atmosphere with 5% CO 2 . This medium DRG neurons cultured on a monolayer of hippocampal was replaced by a nutrient supplemented MEM containing 10% glia horse serum and 5-fluoro-2-deoxyuridine (15 mg/ml) and uridine (35 mg/ml) the next day (Guthrie et al.1987 ). The nutrient supple-DRG neurons cultured on the monolayer of hippocampal ment contained the following components added to 30 ml PBS: 2 glia without added NGF survived ¢14 days provided that ml bovine albumin (10 mg/ml PBS), 4 ml human transferrin (400 they were firmly attached to an underlying cell, probably an mg/4 ml PBS), 0.8 ml putrescin dihydrochloride (80 mg/ml PBS), astrocyte. Signs of healthy appearance were a smooth plasma 2 ml sodium selenite (1.04 mg/100 ml PBS), 0.2 ml triiodomembrane, sharp boundary of the nucleus and one or two thyronine Na (1 mg/5 ml 0.01 N NaOH), 0.8 ml insulin (21.8 spot-like nucleoli. After several days some of the neurons mg/ml 20 mM HCl), 0.2 ml progesterone [1 mg/8 ml absolute (abs) ethanol], and 0.04 ml corticosterone grade A (2 mg/ml abs exhibited one or several thin processes. Only small neurons ethanol]. One milliliter of this supplement was added to 50 ml (õ30 mM diam) without visible processes were selected MEM. Neither antibiotics nor nerve growth factor (NGF) were for electrophysiological recordings. These neurons had high added at any step of culturing because the glia monolayer supported probability of being capsaicin sensitive and their membrane the survival of DRG neurons. Under these conditions, the neurons potential was well controlled by voltage clamp. Most of the had previously been observed to develop only short processes if experiments were performed between 4 and 10 days after at all (Vlachová and Vyklický 1993).
plating.
Recording and perfusion techniques Membrane currents induced by inflammatory mediators and acidic pH
The single electrode patch clamp technique was used to record whole cell membrane currents employing an Axopatch 1D preamAt negative holding membrane potential (usually 060 plifier, and pClamp 6 programs (Axon Instruments) with a laboramV), Ç80% of the small DRG neurons exhibited a slowly tory PC for storing and evaluating the data. Electrodes were pulled from borosilicate glass and after fire polishing and filling they had activating inward current in response to application of 3 or resistances of 2-4 MV. The series resistance was usually õ10 MV 6 mM capsaicin at pH 7.3 for 10 s, which slowly deactivated and was not compensated. during washout. In this series of experiments (n Å 30), For drug application, a system for fast superfusion of the neurons illustrated in Fig. 1 , the inflammatory mediators (IM), BK was used. It consisted of a manifold of 10 fused silica capillaries (10 mM), 5-HT (10 mM), and PGE 2 (1 mM), were tested (0.36 mm ID) connected to a common outlet made from the same singly, and in combination of all three at extracellular pH material (Composite Metal Services, UK). The orifice was placed 7.3 and pH 6.1, in a sequence of 10-s applications separated at a distance of Ç150 mM from the soma of a selected neuron. low pH or it was superimposed on its inactivating phase. The activation of the IM-induced membrane current resembled the capsaicin-induced response, the deactivation phase, after washout was as fast as that of the sustained protoninduced current. As expected the responses to capsaicin greatly increased at pH 6.1 (Fig. 1A) . Corresponding to the magnitude of the membrane currents, depolarization of the neurons was observed in response to each of the stimuli (Fig. 1B) . In all capsaicin sensitive DRG neurons, IM induced similar membrane currents. Figure 2 is Large cells (ú30 mM) and Ç20% of the small size neurons were not sensitive to capsaicin or to inflammatory mediators at pH 6.1. In those cells, decreasing extracellular pH from 7.3 to 6.1 induced a fast inactivating current and a small sustained inward current with an increase of the membrane resistance (n Å 8, data not shown).
The effects of a reduced combination of two inflammatory mediators (BK/5-HT, BK/PGE 2 , or 5-HT/PGE 2 ) were further tested on 31 capsaicin-sensitive neurons exhibiting a significant membrane current in response to all three IMs combined, similar to that shown in Fig. 1 . A majority (n Å 23; 74%) did not exhibit any significant current in response to any combination of two inflammatory mediators at pH 7.3 and 6.1. In eight of these neurons, the combination of any FIG . 1. Responses to inflammatory mediators and to capsaicin in a dor-two mediators at pH 7.3 produced small inward membrane sal root ganglion (DRG) neuron (soma diam 22 mM) cultured on a monocurrents (Ç40 pA). However at extracellular pH 6.1, combilayer of central glia for 10 days. A: whole cell membrane currents. Sequence of responses from left to right: extracellular solution (ECS) at pH 6.1; 1 nations of BK/5-HT, BK/PGE 2 , and 5-HT/PGE 2 produced mM prostaglandin E 2 (PGE 2 ) at pH 7.3; PGE 2 at pH 6.1; IM [inflammatory larger sustained currents than by acidic pH alone; increases mediators: bradykinin 10 mM, 5-hydroxytryptamine (5-HT) 10 mM, and were by 81 { 18%, 69 { 21%, and 86 { 34%, respectively PGE 2 1 mM] at pH 7.3; IM at pH 6.1; control ECS at pH 6.1, CAPS (capsaicin; 6 mM) at pH 7.3; CAPS at pH 6.1. B: changes of membrane potential recorded in current-clamp mode induced by same sequence of drug applications in same neuron as in A. Resting membrane potential was 062 mV. Symbols are same as in A. Bars indicate duration of drug application; open bars indicate pH 6.1. nerth et al. 1987; Krishtal and Pidoplichko 1981) . This fast inactivating current was regularly followed by a sustained inward current (Fig. 1A) usually not exceeding 50 pA (48 { 13 pA). The effects of exposing neurons to ECS of pH 6.1 on input resistance was tested in 10 of these cells. It was found that acidification to pH 6.1 was accompanied by increased input resistance, reflecting closure of ion channels.
IM, applied singly, did not consistently activate membrane currents at pH 7.3 or 6.1. Occasionally, we observed a small sustained inward current, usually õ20 pA or a small depolarization or hyperpolarization (õ2 mV) in voltage recordings. In one cell we noticed a small fast inactivating current in response to 5-HT, possibly induced by activation of 5-HT 3 receptors. Similarly, no significant membrane current was FIG . 2. Sustained membrane currents in capsaicin-sensitive DRG neuinduced when all three IM were applied together at extracel-rons induced by extracellular pH 6.1 and increase induced in presence of combination of IM (BK 10 mM, 5-HT 10 mM, PGE 2 1 mM) or capsaicin. lular pH 7.3. However as shown in Fig. 1A , at pH 6.1, Mean currents induced by combination of inflammatory mediators at pH the mixture of inflammatory mediators regularly induced a 6.1 are significantly larger than currents induced by pH 6.1 alone (n Å marked, slowly activating inward current, which on washout 30). Inflammatory mediators at extracellular pH 7.3 did not produce any with control ECS rapidly returned to the baseline. This cur-membrane current. In 18 of these 30 cells effects of 3 mM CAPS at pH 7.3 and 6.1 were tested. rent followed on the fast inactivating component induced by (Fig. 3) . The combination of all three inflammatory mediators together increased the pH 6.1-induced sustained membrane current by as much as 173 { 61% in these capsaicin sensitive neurons. A further difference between the two groups of neurons was in the responses induced by rapid application of extracellular pH 6.1. The first group of 23 neurons exhibited a fast inactivating inward current followed by a very small sustained inward current (õ50 pA) and was thus similar to the cell population described previously (Fig.  1) . In the second group of 8 cells, lowering extracellular pH from 7.3 to 6.1 induced a marked sustained inward membrane current (316 { 99 pA) comparable with that described by Bevan and Yeats (1991) . Whether these two groups of capsaicin sensitive neurons differ in further respects representing distinct subpopulations of DRG neurons is not known.
Inhibition of responses to acidic inflammatory mediators by the capsaicin antagonist capsazepine
The effects of inflammatory mediators were observed exclusively in DRG neurons that were sensitive to capsaicin and a 100% overlap of capsaicin-sensitivity and sensitivity to IM at low pH was observed. In addition, the IM seemed to share one principle of action with capsaicin, that is to facilitate the pH-gated sustained inward current. Alternatively, membrane currents induced by the IM subthreshold at neutral pH, may have been facilitated by lowering extracellular pH. The alternatives are not mutually exclusive. If this action of the combined IM were the result of an effect on the putative capsaicin receptor, capsazepine, the capsaicin receptor antagonist, should block it (Bevan et al. 1992 ).
An example of the effects of capsazepine (10 mM and 3 mM) on the responses to the mixture of all three IM at FIG . 4. Inhibition of membrane currents induced by combination of inflammatory mediators (BK, 5-HT, and PGE 2 ) at pH 6.1 by capsazepine. A: capsazepine blocks increase of membrane currents produced by combination of inflammatory mediators (BK, 5-HT, and PGE 2 ) at pH 6.1. Capsazepine (CZP), at concentration 10 and 3 mM, as indicated. B: capsazepine blocks membrane current induced by inflammatory mediators or by capsaicin but not that induced by pH 5.5. To diminish disuse, effects of capsazepine were tested before control. Smaller magnitude of membrane current to pH 5.5 after response to pH 5.5 with capsazepine is apparently the result of inactivation. CZP, capsazepine (6 mM); CAPS, capsaicin (5 mM). C: mean sustained membrane current induced by ECS at pH 6.1, capsazepine 10 mM (CZP) at  FIG . 3 . Membrane currents induced by pairs of inflammatory mediators: pH 6.1, combination of inflammatory mediators at pH 6.1, combination of BK (10 mM) and 5-HT (10 mM), BK (10 mM) and PGE 2 (1 mM), PGE 2 IMs with capsazepine 10 mM (CZP) at pH 6.1 (n Å 7).
(1 mM) and 5-HT (10 mM) in a set of capsaicin-sensitive DRG neurons (n Å 8) that exhibited large sustained membrane currents induced by pH 6.1. In these neurons, pairs of inflammatory mediators induced at pH 7.3 extracellular pH 6.1 is shown in Fig. 4A . The record in Fig.  small , sustained membrane currents. At acidic pH they increased response 4B shows that capsazepine (6 mM) blocked the response induced by pH 6.1 alone by 81 { 18%, 69 { 21%, and 86 { 34% (Student's paired t-test P õ 0.05).
induced by IM at pH 6.1 although it did not reduce the J535-7 / 9k25$$fe07 01-12-98 08:41:18 neupa LP-Neurophys large membrane currents induced by extracellular pH 5.5. and efforts have been made to identify endogenous mediators that can activate the receptor under physiological or pathoCapsazepine appreciably inhibited the responses to capsaicin at pH 7.3, confirming previous findings in DRG neurons logical conditions. As capsaicin is a well-recognized algogen (Fitzgerald 1983; Szolcsanyi 1993 ) (Bevan et al. 1992 ). The column diagram in Fig. 4C summarizes the effects of 10 mM capsazepine on the responses the search for endogenous ligands has primarily been focused on agents that can play a role in signaling pain in induced by acidic IM in seven capsaicin-sensitive neurons. Capsazepine (10 mM) had no significant effect on the sus-inflammation. It has been suggested that H / may play this role by activating capsaicin receptors (Bevan and Gepetti tained inward membrane current induced by acidic ECS at pH 6.1. The suppressive effect of capsazepine on responses 1994), although not necessarily at the same recognition site (Rang et al. 1991) . Indeed, pH in the exudates of inflammato acidic IM was observed in every single cell tested. In some experiments, the responses to acidic IM were reduced tory processes has been found to be below 5.5, which led to the idea that H / might be the common principle of produceven more than was the control magnitude of sustained membrane current induced by pH 6.1 alone. This reduction may ing pain in inflammation (Lindahl 1962) . Acidic extracellular solutions were found to induce a sustained inward current result from desensitization that was observed after repeated applications of capsaicin or acidic IM (see Fig. 4A ).
exclusively in small capsaicin-sensitive DRG neurons cultured with NGF added to the medium (Bevan and Yeats 1991) . This current is likely to underlie pain induced by D I S C U S S I O N experimental acidosis in humans and excitation of nociceptors in skin nerve preparation or in the cornea (Belmonte et Our results demonstrate that the combined inflammatory mediators, bradykinin, serotonin, and prostaglandin E 2 Steen et al. 1992; Steen and Reeh 1993) .
In our DRG cells cultures on hippocampal glia, a pH gether in acidic extracellular solution produce a marked inward membrane current in capsaicin-sensitive DRG neurons 6.1-induced sustained current of small size and accompanied by increased input resistance was found in many capsaicinfrom newborn rats. The response is smaller or absent if any one of the four constituents is lacking. The data further sensitive neurons. The question remains as to whether extracellular pH 6.1 was still subthreshold for evoking a larger suggest that the combination operates on the capsaicin receptor, because the responses to the acidic mixture of IM can sustained membrane current or whether or not these cells represent a distinct subpopulation of the capsaicin-sensitive be blocked by capsazepine, a competitive capsaicin receptor antagonist.
neurons. However, these neurons showed the facilitation by IM and by capsaicin as did the subpopulation of capsaicinThe putative capsaicin receptor is a chemically gated nonspecific cation channel expressed in a distinct class of small sensitive neurons that exhibited a large pH response accompanied with decreased input resistance. DRG neurons in mammals. It is permeable to Ca 2/ , which triggers a cascade of intracellular processes that can desensiAn obvious difference between the responses induced by capsaicin and acidic pH are relaxation times of the memtize and inactivate the channel from the intracellular side. Blockade of calmodulin-regulated phosphatase 2B, cal-brane currents after washout of the stimulants. Fast deactivation was observed with low pH (see Fig. 1 ), whereas that cineurin, by cyclosporin A and cyclophylin A was found to prevent desensitization on repeated application of capsaicin, of capsaicin exhibited a time constant of 3.5 s as reported earlier Vlachová and Vyklický 1993) . apparently by inhibiting dephophosphorylation of the capsaicin receptor ion channel complex (Docherty et al. 1996) . This can be explained by differences in the strength of binding to the receptor, which is apparently very weak for proAlthough the molecular structure of the capsaicin receptor has not been determined, electrophysiological studies sug-tons, allowing their release at a speed exceeding the limits of solution exchange of the drug application system (Ç100 gest that it possesses specific receptor recognition site(s) to which capsaicin binds tightly as suggested by the long ms). In contrast, the long relaxation time of capsaicin-induced responses suggests tight binding to the receptor or (3.5 s) relaxation time constant (Vlachová and Vyklický 1993) . The receptor-channel complex can be effectively slow diffusion of this lipophilic stimulant out from the lipid bilayer of the neuronal membrane. modified by protons, which dramatically increase the capsaicin-induced, whole cell membrane current even at extracelThe marked proton-induced facilitation of capsaicin responses suggests cooperativity between protons and capsalular H / concentrations that are subthreshold to induce any membrane current by themselves (Petersen and LaMotte icin. Thus at capsaicin receptors, protons may play the role of a modulator, which exhibits some similarities to the role 1993). The facilitation is apparently exerted by protonation of the capsaicin gated ion channel and not by increasing the of glycine at NMDA receptors (Johnson and Ascher 1987) .
A difference, however, is that protons open the ion channels affinity of the receptor for capsaicin . This finding is in striking contrast to the effects of increased by themselves whereas glycine only supports the action of glutamate. If capsaicin receptors opened spontaneously, sim-H / on N-methyl-D-aspartate (NMDA) receptors that are allosterically blocked by lowering extracellular pH (Traynelis ilar to nicotinic acetylcholine receptors (Brehm et al.1984; Jackson 1984) or NMDA receptors (Tureček et al. 1997 (Tureček et al. ), et al. 1990 . It is also in contrast to the pH-dependent inactivation of various voltage-sensitive it could be speculated that a high concentration of H / may increase the probability of spontaneous openings and thus ion channels (see Hille 1992), which, in our results, may explain the increase in membrane resistance as a net-effect induce significant membrane current. The idea of identity of capsaicin and proton gated channels is further supported by in all those neurons that exhibited only small sustained responses to low pH itself.
the recent finding that the sustained proton induced membrane current is carried not only by monovalent cations but Capsaicin is a substance foreign to the mammalian body J535-7 / 9k25$$fe07 01-12-98 08:41:18 neupa LP-Neurophys also by Ca 2/ , as is the case for the capsaicin-gated channel induced by low extracellular pH alone. Although the specificity of capsazepine as an antagonist of capsaicin has been (Zeilhofer et al. 1996) .
Apart from capsaicin, some inflammatory mediators can questioned because it was found in some preparations to antagonize the neuropeptide release by protons (see Bevan interact with protons and facilitate their effects in several experimental models. Bradykinin and serotonin have long and Geppetti 1994), this does not contradict the original finding that capsazepine is a competitive antagonist at the been known as potent and cooperative algogens whose local application to the cantharidin blister base evokes pain in putative capsaicin receptor, which is functionally expressed in small mammalian DRG neurons. These results together human skin (Keele and Armstrong 1964) . However loss of their excitatory potency during prolonged application cannot with the findings that acidic inflammatory mediators induce membrane current exclusively in capsaicin sensitive DRG fully explain sustained pain (Kanaka et al. 1985; Kumazawa et al. 1987; Lang et al. 1990 ). Nevertheless, they are essen-neurons with capsaicin-like kinetics of activation, strongly support our view that the inflammatory mediators play a role tial mediators of nociceptor sensitization, and combining BK and 5-HT with experimental acidosis, (in the presence of as endogenous mediators at capsaicin receptor channels and produce excitatory membrane currents provided that the ion prostaglandin E 2 and histamine) produces more than additive excitatory and algogenic effects (Kessler et al.1992; Lang et channels are protonized. al. 1990; Steen et al. 1995 . The psychophysiological
